This study aimed to evaluate the effects of dysphagia therapy in patients in the early post-stroke period.
Introduction
Brain stroke poses serious medical and social problems, and is one of the most frequent causes of disability and mortality in adults. The incidence of brain stroke is growing, and the mortality rate during the first weeks after stroke is high. The most frequent complications of brain stroke include hemiparesis, aphasia, behavioural disorders, and dysphagia [1] [2] [3] . In post-stroke patients, the presence of clinically manifested dysphagia is, to a high degree, decisive in terms of their survival [4] [5] [6] [7] .
Early diagnosis and application of suitable therapeutic procedures reduce the effects of swallowing disorders and limit mortality due to post-stroke dysphagia. The objective of physical therapy for dysphagia is to prevent aspiration, dehydration, and malnutrition via the restoration of functional and physiological swallowing [8] [9] [10] .
Clinical rationale for the study
Aspiration pneumonia is the most frequent cause of death in patients with neurogenic dysphagia [11] . We believe, based on available studies in the literature, that no comprehensive study to date has investigated the effects of swallowing and feeding therapy and of food and liquid supplementation on the recovery of patients with dysphagia [12] . Hence, we decided to evaluate the effects of dysphagia therapy in post-stroke patients during the rehabilitation process. Owing to the lack of a standardised method for patients with dysphagia, an original treatment method based on the available literature, and on our own practical experience, was developed. We believe that the method, including compensation positions, swallowing reflex stimulation, exercises that improve facial muscles, breathing exercises, and patient education concerning safe swallowing and selection of appropriate food consistency, might improve the respective phases of swallowing and increase patient awareness and involvement in the rehabilitation process.
This study aimed to evaluate the effects of dysphagia therapy in patients in the early post-stroke period. Furthermore, it was intended to answer the following research questions: (1) Does the swallowing reflex improve after dysphagia therapy?; and (2) Does dysphagia therapy in patients after brain stroke improve the swallowing function?
Study material and methods

Research material
This study enrolled patients aged 55 to 65 with swallowing disorders after ischaemic brain stroke who were admitted to the Department of Neurology's Stroke Subunit of the Municipal Hospital in Nysa from April 2015 to March 2018. The study included patients who (1) were in the early post-stroke (first stroke) period (i.e. up to 30 days after falling ill); (2) had swallowing disorders and were able to cooperate; (3) were assessed using the National Institutes of Health Stroke Scale (conscious or napping but waking upon minor stimulation, aware of month and age, able to follow orders, with small or partial paralysis of the facial nerve, without aphasia or with mild or moderate aphasia, without dysarthria or with mild or moderate dysarthria); (4) had level 4 dysphagia according to the Swallowing Rating Scale (SRS); and (5) had no dementia based on the Mini-Mental State Examination (MMSE) scale. All patients underwent a psychological consultation to assess their degree of dementia using the MMSE scale. Conversely, patients with a second or third brain stroke (more than 30 days after falling ill), level 1-3 dysphagia or level 5-7 dysphagia according to the SRS, cognitive function disorders that make cooperation impossible (MMSE < 25), total aphasia, anarthria, and bilateral facial nerve paralysis, and those in whom a tracheostomy tube was inserted, were excluded from the study.
All patients were given CT neuroimaging tests which showed similar symptoms in terms of the affected structures, location and extent of the stroke. Patients with extensive ischaemia lesions were excluded from the study (TACI -total anterior circulation infarct; based on the ischaemia lesion classification). The study included patients with acute stage of ischaemic stroke diagnosed in CT imaging. Patients diagnosed with hyperacute, subacute and chronic stage of stroke were excluded from the research. None of the patients, resulting from contraindications, was administered alteplase. The patients did not manifest secondary haemorrhage.
Methods
A total of 60 patients consented to participate in the study, and were equally assigned to study and control groups (30 patients each) (Tab. 1). Patients were randomly assigned using a computer randomisation program (ALEA).
The project was positively assessed by the Bioethics Committee of Opole Medical Chamber (resolution no. 213, dated March 25, 2015) and all study participants provided informed consent.
The patient rehabilitation period covered 15 days (seven days a week); therapy for the first 10 days was provided at the Department of Neurology's Stroke Subunit during patient hospitalisation, and patients received outpatient physiotherapy during the subsequent five days.
Education about safe food and liquid intake was provided to patients from both groups and their caregivers. Both groups received neurological physiotherapy depending on patient dysfunction. The therapy included passive, assisted, and supported exercises, respiration exercises, assumption of erect posture, walking re-education, and training based on the NDT Bobath and PNF methods. Furthermore, patients in the study group were subjected to an original dysphagia treatment method.
Examinations including assessment of dysphagia and motor function were performed on the first day of hospitalisation and again after physiotherapy.
Assessment of the swallowing function
Timed test of swallowing was used to assess the swallowing function and was performed on the first and last days of therapy. The following parameters were evaluated: (1) voice quality before the test and after the patient had drunk 50 mL of water without taking their lips away from the cup; (2) swallowing time (in seconds); (3) number of swallows; and (4) saturation (to control liquid aspiration), which was measured using a device for gasometric studies (Beurer GmbH, Ulm, Germany). SpO 2 was measured for 5 min before drinking the liquid, and measurement was terminated at 5 min after drinking the tested substance.
Assessment of the swallowing reflex
Controlled swallowing was assessed after the patient swallowed blended food of uniform consistency. The swallowing reflex was categorised as either good, or delayed if the food was kept inside the mouth for a long period.
Physiotherapy programme for patients with dysphagia
Prior to the start of dysphagia physiotherapy, patients were observed while consuming their meals. The observation was followed by a palpatory examination. With an average duration of 60 min per day, therapy was provided daily for 15 days inclusive of holidays and included additional work with patients during every meal. The therapy was conducted in semi-sitting and sitting positions (sitting position away from the patient's bed starting from the third day after stroke), which was beneficial for the improvement in motor functions (control of the thorax and head).
Initially, a proper compensation position was selected to facilitate swallowing ( Fig. 1 ). While patients were eating their meal, stimulation to the cheek on the paretic side was applied to prevent food deposition in the area (Fig. 2) .
Patients received therapy aimed at restoring the chewing and swallowing functionality, which included exercises that strengthened the orbicularis oris, risorius, levator labii superioris, depressor labii inferioris, genioglossus, hypoglossus, styloglossus, and buccinator, as well as breathing exercises and sensory stimulation. The exercises for the strengthening of the orbicularis oris, risorius, and levator labii superioris included alternate narrowing and extending of the lips (10 repetitions); sucking in of air using a straw (several repetitions); and resistance exercises which involved closure of lips so as to allow removal of a wooden spatula placed flat between the lips (10 repetitions), lifting of the closed upper lip on the paretic side and, as reference, on the healthy side (10 repetitions), and lifting of the lower lip similar to the previous exercise (10 repetitions).
The exercises for the strengthening of the genioglossus, hypoglossus, and styloglossus included alternate touching of the upper and lower teeth with the tongue (10 repetitions); alternate touching of the corners of the mouth using the tip of the tongue (10 repetitions); pushing the tongue against a resisting wooden spatula (10 repetitions); fast and precise touching of the right corner of the mouth, middle of the upper lip, left corner of the mouth, and middle of the lower lip (10 repetitions); pushing against the spatula placed parallel to the lateral edge of the tongue (10 repetitions); resistance exercises applied to the middle of the tongue using a spatula in which the patient was asked to attempt to lift the back of the tongue toward the palate (10 repetitions), which were exercises for improving the function of the tongue's vertical muscle (very important for transporting a bolus of food); pushing the tongue against the cheeks (10 repetitions); and gently biting the tip of the tongue with the teeth and attempting to swallow deeply while maintaining that position (10 repetitions), which served as exercises for the tongue base.
The exercises for the strengthening of the buccinator muscle included filling the cheeks with air and retracting them, transferring air from one cheek to the other, and exercises that improved the tension in the cheek muscles (resistance attempt against the expansion of the cheek with a spatula placed in the vestibule). All exercises were repeated 10 times.
Respiration exercises were performed to improve laryngeal closure during swallowing, and included exercises involving intentional deep inhaling and breath holding; exercises to enhance exhaling in which a long straw immersed in a bottle of water was used; exercises for correct respiration pathway activating the diaphragm and intercostal muscles; exercises which involved deep and fast breathing in and slow breathing out; exercises which required holding in air and subsequently exhaling it rapidly; and exercises aimed to enable breathing in and holding air, swallowing, and strong breathing out with coughing. The duration of exercises was adjusted to patients' capabilities. For patients with absent or delayed swallowing reflex, thermal stimulation to the palatine arches was applied using a laryngeal mirror previously cooled in ice (five stimulations, five swallows; similarly with the second palatine arch). To improve the sensation in the oral cavity, thermal stimulation using an ice cube was applied to areas of the cheeks and tongue and to the external side of the cheeks. Patients with delayed swallowing reflex and excessive tension in the hyoid bone area were subjected to mobilisation of the laryngohyoid complex.
Statistical analysis
Numerical characteristics and percentage rates were determined to evaluate the coughing reflex and voice quality based on the timed test of swallowing before and after therapy both in the study and control groups. Prior to the analysis, the Kolmogorov-Smirnov test was performed, which showed no distribution normality at a significance threshold of p < 0.05. This resulted in the selection of nonparametric statistical methods for statistical analysis.
Chi-squared test was used to assess whether coughing and voice quality based on the timed test of swallowing were significantly different between the research groups and whether their level in the study group was significantly different from that in the control group before and after therapy. The average, standard deviation, and standard error were determined to set the swallowing time, number of swallows, and blood oxygen saturation level (SpO 2 ) level before and after therapy.
The significance of differences between the results of the study and control groups was determined using the Mann-Whitney U test. Uniformity between both groups and distribution normality were evaluated using the Kolmogorov-Smirnov test, which were not confirmed at a significance threshold of p < 0.05. The purpose of the test was to assess differences between the groups. The Mann-Whitney U test was performed to capture the hidden multidimensional structure resulting from the dependent and independent variables. Z statistics and significance threshold were presented.
Results
Assessment of the swallowing reflex
In the control group, the swallowing reflex was ineffective (delayed) and absent in 15 patients (50%) at the initial assessment; this number of patients remained unchanged after 15 days. Conversely, effective swallowing reflex was observed in 15 patients (50%) at the initial assessment, and no improvement in the swallowing reflex was noted after the observation.
In the study group, ineffective (delayed) and absent swallowing reflex was observed in 13 patients (44%) before therapy and in one patient (3%) after therapy (Tab. 2). The rate of effective swallowing reflex increased from 57% to 97%. No significant differences in swallowing reflex were observed between the study and control groups before therapy (p = 0.17); however, statistically significant differences were noted after therapy (p = 0.00001).
Assessment of coughing and voice quality
In the control group, coughs lasting for several seconds in the form of a single cough were noted in 29 patients (96%) during the initial stage and in 26 patients (87%) after 15 days of observation. In addition, one patient (3%) at the initial assessment and four patients (13%) at the final assessment presented no coughing.
In the study group, coughs lasting for several seconds in the form of a single cough were noted in 23 patients (77%) before therapy and in 14 patients (46%) after the provision of the original therapy for dysphagia (Tab. 4 and 5). The number of patients who did not cough increased from seven (23%) to 16 (53%). No significant differences in assessed coughing were observed between the study and control groups before therapy (p = 0.06, threshold value), whereas these differences were statistically significant after therapy (p = 0.00009).
At the initial assessment, 30 patients (100%) in the control group were observed to have slurred or very slurred speech, and this number did not change after 15 days of observation. At both initial and final assessments, no patient had normal speech in the control group.
In the study group, slurred and very slurred speech were noted in 30 patients (100%) before therapy and in 12 patients (40%) after the provision of the original therapy for dysphagia. Before therapy, no patients had normal speech, whereas after therapy 18 patients (60%) exhibited it.
No significant differences in voice quality were observed between the study and control groups before therapy (p = 0.60), whereas these differences were statistically significant after therapy (p = 0.00001).
Assessment of swallowing time, number of swallows, and SpO 2 level
The average swallowing time decreased after therapy in the study group (17.10 ± 10.30s), and was much lower than in the control group (21.27 ± 7.38s). Before therapy, the average swallowing time was 26.77 ± 14.90s and 21.90 ± 7.49s in the study and control groups, respectively. The Mann-Whitney U test showed that the differences between both groups were not statistically significant before therapy (p = 0.71), but of statistical significance after therapy (p = 0.02) (Tab. 3).
The average number of swallows decreased after therapy in the study group (5.23 ± 1.61), and was lower than in the control group (6.17 ± 1.34). Before therapy, the average number of swallows was 7.17 ± 3.05 and 6.37 ± 1.65 in the study and control groups, respectively. The Mann-Whitney U test showed that the differences between both groups were significant after therapy (p = 0.02); however, no statistically significant differences in these values before therapy were noted (p = 0.35).
Before therapy, SpO 2 slightly decreased after the test in the study group (95.50% ± 1.91), which was higher than that in the control group (94.90% ± 2.01). Before the test, the SpO 2 value was 96.23% ± 1.79 and 95.43% ± 2.14 in the study and control groups, respectively. The Mann-Whitney U test showed that, before and after the test, the differences in the SpO 2 values before therapy were not statistically significant between both groups (p = 0.14; p = 0.31).
After therapy, SpO 2 slightly decreased after the test in the study group (96.03% ± 1.87), which was higher than that in the control group (95.20% ± 1.67). Before the test, the SpO 2 value was 96.53% ± 1.70 and 95.50% ± 1.87 in the study and control groups, respectively. The Mann-Whitney U test showed that the differences between both groups were significant before the test (p = 0.04) and after the test (p = 0.03). Significant differences in SpO 2 values after therapy were observed.
Discussion
The available literature lacks a comprehensive assessment of the effects of therapy for dysphagia in patients in the early post-stroke stage. Neurogenic dysphagia is assumed to emerge during the oral stage of swallowing and to manifest as difficulties in forming a bolus, chewing, shutting the mouth, and transporting the bolus around the oral cavity [13] .
The literature indicates the possibility of improving tactile and thermal sensation through proper stimulations. It is assumed that the best-known therapeutic strategy for delayed swallowing reflex is tactile and thermal stimulation of the frontal palatine arches using a cooled laryngeal mirror. Most studies confirm the presence of cold receptors on the frontal palatine arches. It is assumed that the swallowing reflex may be stimulated via exposure of the palatine arches to low temperatures. Although the conducted tests indicate immediate improvement in the swallowing reflex, according to the authors, the lack of unequivocal results does not confirm the effectiveness of thermal stimulation as a therapeutic technique in the long-term perspective [16, 17] .
Our own studies provided similar results, and indicated an immediate improvement in the swallowing reflex after application of stimulation to the frontal palatine arches using a laryngeal mirror previously cooled in ice. Furthermore, www.journals.viamedica.pl/neurologia_neurochirurgia_polska Edyta Krajczy et al., Physical therapy in early post-stroke period thermal stimulation of the palatine arches is assumed to trigger the pharyngeal and palatine reflexes [18] .
It seems that the results of the timed test of swallowing confirm the effectiveness of the therapy applied. The test allowed the observation of a decrease in the number of swallows in the study group, which may indicate an improvement in swallowing function.
The average swallowing time in the study group significantly decreased after therapy; however, no significant difference in the swallowing time before or after therapy was observed in the control group.
In the available literature concerning tests of swallowing time, the authors indicate that the swallowing rate is a credible and important index for the assessment of swallowing disorders in patients with neurological ailments, which may be relevant to monitoring treatment response [19] .
Our own studies showed an absence of coughing after therapy, which may indicate improvement in patients' swallowing function and lack of choking. A very important difference was observed in voice quality after swallowing between the study and control groups. After therapy, more than half of the patients in the study group exhibited normal speech, which may indicate a decreased risk of aspiration, although this has not been confirmed in the available literature.
The results of available studies investigating the relationship between aspiration and oxygen blood saturation are equivocal. According to some authors, a decrease in saturation by 2% may indicate aspiration of fluids during tests, whereas a decrease by more than 5% should prompt immediate termination of the test [20] .
Desaturation occurs in patients after brain stroke but is related to food intake in some cases only [21] [22] [23] [24] [25] . One study reported a decrease in saturation by 2% and similarly by 4% in 52% and 14% of elderly patients without dysphagia, respectively [26] . It should be assumed that changes in oxygen blood saturation may be associated with various causes and there is no sufficient evidence linking desaturation to food aspiration [22, 27] . It follows from the latest research that saturation measurement is not a suitable tool for detecting aspiration in patients after vascular stroke [28] . Similarly, our own studies did not indicate a relationship between food intake and desaturation.
Limitations of the study
Our own studies covered a short observation period. Long--term therapy outcomes and differences between the study and control groups were not checked.
Clinical implications/ /future directions
After dysphagia therapy, an improvement in the swallowing reflex was noted in patients. It follows from the tests performed that the presented dysphagia therapy improves the swallowing function of patients after brain stroke.
However, in the future, it is recommended to conduct the research among a larger sample, and to check the effects of the presented physiotherapeutic treatment over a longer period.
Conclusions
A presented comprehensive therapy for dysphagia is effective and may reduce serious complications of swallowing disorders in clinical practice.
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